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(57) There is provided a method of manufacturing a 
color filter by discharging inks onto a substrate while 
scanning an ink-jet head having a plurality of nozzles 
relative to the substrate, and coloring pixels by scanning 
the ink-jet head a plurality of number of times, including 
the discharging amount measuring step of measuring 
amounts of ink discharged from the plurality of nozzles, 



and the nozzle selection step of selecting nozzles, of the 
plurality of nozzles, which are to be used in each of a 
plurality of scanning operations on the basis of the 
amounts of ink discharged from the nozzles which are 
obtained in the discharging amount measuring step. 

Such an ink-jet print method which can manufacture 
a high-quality color filter with little color irregularity. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an ink-jet print 
method and apparatus for printing lines by discharging 
an ink from an ink-jet head onto a recording member, a 
color filter, a display device, an apparatus having the 
display device, an ink-jet head unit adjusting device, and 
an ink-jet head unit. 

With recent advances in personal computers, espe- 
cially portable personal computers, the demand tends 
to arise for liquid crystal displays, especially color liquid 
crystal displays. However, in order to further popularize 
the use of liquid crystal displays, a reduction in cost must 
be achieved. Especially, it is required to reduce the cost 
of a color filter which occupies a large proportion of the 
total cost. Various methods have been tried to satisfy 
the required characteristics of color filters while meeting 
th above requirements. However, any method capable 
of satisfying all the requirements has not been estab- 
lished. The respective methods will be described below. 

The first method is a pigment dispersion method. In 
this method, a pigment-dispersed photosensitive resin 
layer is formed on a substrate and patterned into a sin- 
gle-color pattern. This process is repeated three times 
to obtain R, G, and B color filter layers. 

The second method is a dyeing method. In the dye- 
ing method, a water-soluble polymer material as a dye- 
able material is applied onto a glass substrate, and the 
coating is patterned into a desired shape by a photolith- 
ographic process. The obtained pattern is dipped in a 
dye bath to obtain a colored pattern. This process is re- 
peated three times to form R, G, and B color filter layers. 

The third method is an electrodeposition method. In 
this method, a transparent electrode is patterned on a 
substrate, and the resultant structure is dipped in an 
electrodeposition coating fluid containing a pigment, a 
resin, an electrolyte, and the like to be colored in the first 
color by electrodeposition. This process is repeated 
three times to form R, G, and B color filter layers. Finally, 
these layers are calcined. 

The fourth method is a print method. In this method, 
a pigment is dispersed in a thermosetting resin, a print 
operation is performed three times to form R, G, and B 
coatings separately, and the resins are thermoset, 
thereby forming colored layers. In either of the above 
methods, a protective layer is generally formed on the 
colored layers. 

The point common to these methods is that the 
same process must be repeated three times to obtain 
layers colored in three colors, i.e., R, G, and B. This 
causes an increase in cost, in addition, as the number 
of processes increases, the yield decreases. In the elec- 
trod position method, limitations are imposed on pat- 
tern shapes which can be formed. For this reason, with 
the existing techniques, it is difficult to apply this method 
to TFTs. In the prrrt rtsthcd, a pattern with a fxe pitch 



is difficult to form because of poor resolution and poor 
venness. 

In order to liminate these drawbacks, methods of 
manufacturing color filters by an ink-jet system are dis- 
s closed in Japanese Patent Laid-Open Nos. 59-75205, 
63-235901, and 1-217320. In these methods, inks con- 
taining coloring agents of three colors, i.e., R (red), G 
(green), and B (blue), are sprayed on a transparent sub- 
strate by an ink-jet system, and the respective inks are 
io dried to form colored image portions. In such an ink-jet 
system, R, G, and B pixels can be formed at once, al- 
lowing great simplification of the manufacturing process 
and a great reduction in cost. 

When a color filter is to be manufactured by such 

'5 an ink-jet system, an ink is discharged onto each pixel 
while an ebngated ink-jet head having a plurality of ink 
discharging nozzles is scanned over a color filter sub- 
strate. This scanning is performed a plurality of number 
of times to color the respective pixel portions. In this 

20 case, the amounts of ink discharged from the respective 
ink discharging nozzles slightly differ from each other. 
If, therefore, each pixel array is colored with the same 
nozzle, the pixel arrays colored with the nozzles from 
which the ink is discharged in large amounts become 

2S dense in color, but the pixel arrays colored with the noz- 
zles from which the ink is discharged in small amounts 
become light in color Consequently, the resultant color 
filter has color irregularity. 

In addition, to manufacture a color filter, such elon- 

30 gated ink-jet heads must be prepared for three colors, 
i.e., R (red), G (green), and B (blue). It takes a lot of time 
and labor to adjust the relative positions of these three 
heads. 

35 SUMMARY OF THE INVENTION 

The present invention has been made in consider- 
ation of the above problems, and has as an object to 
provide an ink-jet print method and apparatus which can 
^0 perform a high-quality print operation with little density 
irregularity. 

It is another object of the present invention to pro- 
vide a color filter, a display device, and an apparatus 
including the display device which are manufactured by 

4 & the above print method and apparatus. 

It is still another object of the present invention to 
provide an ink-jet head unit adjusting device and method 
which can easily adjust the relative positions of a plural- 
ity of heads, and an ink-jet head unit. 

so An ink-jet head unit adjusting device of the present 
invention is characterized by the following arrangement 
according to its first aspect. 

There is provided an adjusting device for adjusting 
an ink-jet head unit having a plurality of ink-jet heads 

55 and used for an apparatus for printing lines by discharg- 
ing inks onto a recording member while scanning the 
ink-jet head unit relative to the recording member, com- 
prising pcsflx^aj of sel detection means for detecting a 
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relative positional offset between the plurality of. ink-jet 
heads, and angle detection means for detecting inclina- 
tion angles of the plurality of ink-jet heads with respect 
to the scanning direction. 

An ink-jet head unit adjusting device of the present 
invention is characterized by the following arrangement 
according to its second aspect. 

There is provided an adjusting device for adjusting 
an ink-jet head unit having a plurality of ink-jet heads, 
each having a plurality of nozzles, and used for an ap- 
paratus for printing lines by discharging inks onto a re- 
cording member while scanning the ink-jet head unit rel- 
ative to the recording member, comprising measuring 
means for measuring variations in amounts of ink dis- 
charged from the plurality of nozzles, and calculation 
means for generating data for correcting the variations 
in the amounts of ink discharged from the plurality of 
nozzles on the basis ol data about the variations in the 
amounts of ink discharged from the plurality of nozzles 
which are measured by the measuring means. 

An ink-jet head unit adjusting method of the present 
invention is characterized by the following process ac- 
cording to its first aspect. 

There is provided an adjusting method for adjusting 
an ink-jet head unit having a plurality of ink-jet heads 
and used for an apparatus for printing lines by discharg- 
ing inks onto a recording member while scanning the 
ink-jet head unit relative to the recording member, com- 
prising the positional offset detection step of detecting 
a relative positional offset between the plurality of ink- 
jet heads, the angle detection step of detecting inclina- 
tion angles of the plurality of ink-jet heads with respect 
to the scanning direction, and the adjusting step of ad- 
justing the ink-jet head unit on the basis of the detection 
r suits obtained in the positional offset detection step 
and the angle detection step. 

An ink-jet head unit adjusting method of the present 
invention is characterized by the following process ac- 
cording to its second aspect. 

There is provided an adjusting method of adjusting 
an ink-jet head unit having a plurality of ink-jet heads, 
each having a plurality of nozzles, and used for an ap- 
paratus for printing lines by discharging inks onto a re- 
cording member while scanning the ink-jet head unit rel- 
ative to the recording member, comprising the measur- 
ing step of measuring variations in amounts of ink dis- 
charged from the plurality of nozzles, and the calculation 
step of generating data for correcting the variations in 
the amounts of ink discharged from the plurality of noz- 
zles on the basis of data about the variations in the 
amounts of ink discharged from the plurality of nozzles 
which are measured in the measuring step. 

An ink-jet print method according to the present in- 
vention is characterized by the following process. 

There is provided an ink-jet print m thod of dis- 
charging inks onto a recording member while scanning 
an ink-jet head having a plurality of nozzles relative to 
the recording member, and printing lines by scanning 



the ink-jet head a plurality of number of times, compris- 
ing the discharging amount measuring step of measur- 
ing amounts of ink discharged from the plurality of noz- 
zles, and the nozzle selection step of selecting nozzles, 
5 of the plurality of nozzles, which are to be used in each 
of a plurality of scanning operations on the basis of the 
amounts of ink discharged from the nozzles which are 
obtained in the discharging amount measuring step. 
An ink-jet print apparatus according to the present 
10 invention is characterized by the following arrangement. 
There is provided an ink-jet print apparatus for dis- 
charging inks onto a recording member while scanning 
an ink-jet head having a plurality of nozzles relative to 
the recording member, and printing lines by scanning 
15 the ink-jet head a plurality of number of times, compris- 
ing discharging amount measuring means for measur- 
ing amounts of ink discharged from the plurality of noz- 
zles, and nozzle selection means for selecting nozzles, 
of the plurality of nozzles, which are to be used in each 
20 of a plurality of scanning operations on the basis of the 
amounts of ink discharged from the nozzles which are 
obtained by the discharging amount measuring means. 

A color filter according to the present invention is 
characterized by the following arrangement. 
25 There is provided a color filter manufactured by dis- 
charging inks onto a substrate while scanning an ink-jet 
head having a plurality of nozzles relative to the sub- 
strate, and coloring pixels by scanning the ink-jet head 
a plurality of number of times, wherein the color filter is 
30 colored by measuring amounts of ink discharged from 
the plurality of nozzles, and selecting nozzles, of the plu- 
rality of nozzles, which are to be used in each of a plu- 
rality of scanning operations on the basis of the obtained 
amounts of ink discharged from the respective nozzles. 
35 A display device according to the present invention 
is characterized by the following arrangement. 

There is provided a display device including color 
filter manufactured by discharging inks onto a substrate 
while scanning an ink-jet head having a plurality of noz- 
40 zles relative to the substrate, and coloring pixels by 
scanning the ink-jet head a plurality of number of times, 
integrally comprising a color filter colored by measuring 
amounts of ink discharged from the plurality of nozzles, 
and selecting nozzles, of the plurality of nozzles, which 
45 are to be used in each of a plurality of scanning opera- 
tions on the basis of the obtained amounts of ink dis- 
charged from the respective nozzles, thereby coloring 
the color filter, and light amount changing means for 
changing a light amount. 
so An apparatus including a display device according 
to the present invention is characterized by the following 
arrangement. 

There is provided an apparatus including a display 
device including a color filter manufactured by discharg- 
55 ing inks onto a substrate while scanning an ink-jet head 
having a plurality of nozzles relative to the substrate, 
and coloring pixels by scanning th ink-jet head a plu- 
rality of number of times, comprising a display devic 
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integrally including a color filter colored by measuring 
amounts of ink discharged from th plurality of nozzles, 
and selecting nozzles, of the plurality of nozzles, which 
are to be used in each of a plurality of scanning opera- 
tions on the basis of the obtained amounts of ink dis- s 
charged from the respective nozzles, thereby coloring 
the color filter, and light amount changing means for 
changing a light amount, and image signal supply 
means for supplying an image signal to the display de- 
vice. * 10 

An ink-jet head unit adjusting device of the present 
invention is characterized by the following arrangement 
according to its third aspect. 

There is provided an adjusting device for adjusting 
an ink-jet head unit having a plurality of ink-jet heads, is 

ach having a plurality of nozzles, and used for an ap- 
paratus for printing lines by discharging inks onto a re- 
cording member while scanning the ink-jet head unit rel- 
ative to the recording member, comprising positional off- 
set detection means for detecting a relative positional 20 
offset between the plurality of ink-jet heads, angle de- 
t ction means for detecting inclination angles of the plu- 
rality of ink-jet heads with respect to the scanning direc- 
tion, measuring means for measuring variations in 
amounts of ink discharged from the plurality of nozzles, 25 
and calculation means for generating data for correcting 
the variations in the amounts of ink discharged from the 
plurality of nozzles on the basis of data about the vari- 
ations in the amounts of ink discharged from the plurality 
of nozzles which are measured by the measuring 30 
m ans. 

An ink-jet head unit adjusting method of the present 
invention is characterized by the following process ac- 
cording to its third aspect. 

There is provided an adjusting method of adjusting 35 
an ink-jet head unit having a plurality of ink-jet heads, 
ach having a plurality of nozzles, and used for an ap- 
paratus for printing lines by discharging inks onto a re- 
cording member while scanning the ink-jet head unit rel- 
ative to the recording member, comprising the positional 40 
offset detection step of detecting a relative positional off- 
set between the plurality of ink-jet heads, the angle de- 
t ction step of detecting inclination angles of the plural- 
ity of ink-jet heads with respect to the scanning direction, 
the measuring step of measuring variations in amounts 45 
of ink discharged from the plurality of nozzles, and the 
calculation step of generating data for correcting t he var- 
iations in the amounts of ink discharged from the plural- 
ity of nozzles on the basis of data about the variations 
in the amounts of ink discharged from the plurality of so 
nozzles which are measured in the measuring step. 

An ink-jet head unit according to the present inven- 
tion is characterized by the following arrangement. 

There is provided an ink-jet head unit including a 
plurality of ink-jet heads, comprising position adjusting ss 
means for adjusting relative positions of the plurality of 
ink-jet heads, and angle adjusting means for adjusting 
focfi!!s£an angles d the p'.z^ty cJ cnk-jel heads. 



Other objects and advantages besides thos dis- 
cussed above shall be apparent to those skilled in the 
art from th description of a preferred embodiment of 
the invention which follows. In the description, reference 
is made to accompanying drawings, which form a part 
hereof, and which illustrate an example of the invention. 
Such example, however, is not exhaustive of the various 
embodiments of the invention, and therefore reference 
is made to the claims which follow the description for 
determining the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing the schematic 
structure of a color filter manufacturing apparatus 
according to an embodiment of the present inven- 
tion; 

Fig. 2 is a block diagram showing the arrangement 
of a control unit for controlling the operation of the 
color filter manufacturing apparatus; 
Fig. 3 is a perspective view showing the structure 
of an ink-jet head used for a color filter manufactur- 
ing apparatus; 

Fig. 4 is a timing chart showing the waveforms of 
voltages applied to the heaters of the ink-jet head; 
Figs. 5A to 5F are sectional views showing the proc- 
ess of manufacturing a color filter; 
Fig. 6 is a sectional view showing the basic structure 
of a color liquid crystal display device incorporating 
a color filter according to an embodiment of the 
present invention; 

Fig. 7 is a block diagram showing an information 
processing apparatus using the liquid crystal dis- 
play device; 

Fig. 8 is a perspective view showing the information 
processing apparatus using the liquid crystal dis- 
play device; 

Fig. g is a perspective view showing an information 
processing apparatus using the liquid crystal dis- 
play device; 

Fig. 10 is a view for explaining a method of correct- 
ing the differences between the amounts of ink dis- 
charged from the respective nozzles; 
Fig. 11 is a graph for explaining the method of cor- 
recting the differences between the amounts of ink 
discharged from the respective nozzles; 
Fig. 12 is a view for explaining the method of cor- 
recting the differences between the amounts of ink 
discharged from the respective nozzles; 
Fig. 1 3 is a view for explaining a method of changing 
an ink discharging density; 

Fig. 1 4 is a viewfor explaining the method of chang- 
ing an ink discharging density; 
Fig. 1 5 is a view for explaining the method of chang- 
ing an ink discharging density; 
Fig. 16 is a perspective view showing the inn r 
structure of a head mount; 

Rg. 17 is a p?an view of the head mount in Fig. 16; 
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Fig. 18 is a plan view showing the structure of an 

adjusting device for adjusting a head unit; 

Fig. 19 is a side view showing the structure in Fig. 

1 8 when viewed from the right sid ; 

Fig. 20 is a flow chart showing an overall procedure 

for adjusting the head unit; 

Fig. 21 is a view showing printed patterns used for 
adjusting the angles and relative positions of heads; 
Fig. 22 is a flow chart showing a procedure for de- 
tecting variations in the amounts of ink discharged 
from the respective nozzles of the heads; 
Fig. 23 is a view showing printed patterns used for 
detecting variations in the amounts of ink dis- 
charged from the heads; 

Fig. 24 is a graph showing the relationship between 
the densities of ink dots and the amounts of ink dis- 
charged; 

Fig. 25 is a flow chart showing a procedure for ob- 
taining bit correction information; 
Fig. 26 is a view showing how inks overlap; 
Fig. 27 is a view showing how inks spread when 
they overlap; 

Fig. 28 is a view showing a state in which inks are 
discharged at equal intervals; and 
Fig. 29 is a view showing the concept of a color filter 
coloring method according to the embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A preferred embodiment of the present invention 
will be described in detail below with reference to the 
accompanying drawings. 

Fig. 1 is a schematic view showing the structure of 
a color filter manufacturing apparatus according to an 
embodiment of the present invention. 

Referring to Fig. 1, reference numeral 51 denotes 
an apparatus base; 52, an X-Y-9 stage disposed on the 
apparatus base 51 ; 53, a color filter substrate set on the 
X-Y-9 stage 52; 54, color filters formed on the color filter 
substrate 53; 55, a head unit including R (red), G 
(green), and B (blue) ink-jet heads for coloring the color 
filters 54 and a head mount 55a supporting these heads; 
58, a controller for controlling the overall operation of a 
color filter manufacturing apparatus 90; 59, a teaching 
pendant (personal computer) as the display unit of the 
controller; and 60, a keyboard as the operation unit of 
the teaching pendant 59. The head unit 55 is detachably 
mounted on a support portion 90a of the color filter man- 
ufacturing apparatus 90 such that the pivot angle of the 
unit can be adjusted within a horizontal plane. 

Fig. 2 is a block diagram showing the arrangement 
of the controller of the color filter manufacturing appa- 
ratus 90. The teaching pendant 59 serves as the input/ 
output means of the controller 58. Reference numeral 
62 denotes a display unit for displaying how a manufac- 
turing process progresses, information indicating the 
presence/abs nee of a head abnormality, and the like. 



The keyboard 60 designates an operation of the color 
filter manufacturing apparatus 90 and the like. 

The controller 58 controls the overall operation of 
the color filter manufacturing apparatus 90. Reference 
5 numeral 65 denotes an interface for exchanging data 
with the teaching pendant 59; 66, a CPU for controlling 
the color filter manufacturing apparatus 90; 67, a ROM 
storing control programs for operating the CPU 66; 68, 
a RAM for storing production information and the like; 
10 70, a discharge control unit for controlling discharging 
of an ink into each pixel of a color filter; and 71 , a stage 
control unit for controlling the operation of the X-Y-9 
stage 52 of the color filter manufacturing apparatus 90. 
The color filter manufacturing apparatus 90 is connect- 
15 ed to the controller 58 and operates in accordance with 
instructions therefrom. 

Fig. 3 shows the structure of an ink-jet head IJH 
used in the color filter manufacturing apparatus 90. Re- 
ferring to Fig. 1 , in the head unit 55, three ink-jet heads 
20 |JH are arranged in correspondence with three colors, 
i.e., R, G,and B. Since these three heads have the same 
structure, Fig. 3 shows the structure of one of the three 
heads as a representative. 

Referring to Fig. 3, the ink-jet head IJH mainly com- 
25 prises a heater board 1 04 as a board on which a plurality 
of heaters 102 for heating an ink are formed, and a ceil- 
ing plate 106 mounted on the heater board 104. A plu- 
rality of discharging openings 1 08 are formed in the ceil- 
ing plate 106. Tunnel-like fluid passages 110 communi- 
30 eating with the discharging openings 108 are formed 
therebehind. The respective fluid passages 110 are iso- 
lated from the adjacent fluid passages via partition walls 
112. The respective fluid passages 110 are commonly 
connected to one ink chamber 114 at the rear side of 
35 the fluid passages. An ink is supplied to the ink chamber 
114 via an ink inlet 116. This ink is supplied from the ink 
chamber 114 to each fluid passage 110. 

The heater board 1 04 and the ceiling plate 106 are 
positioned such that the position of each heater 102 co- 
40 incides with that of a corresponding fluid passage 110, 
and are assembled into the state shown in Fig. 3. Al- 
though Fig. 3 shows only two heaters 102, the heater 
102 is arranged in correspondence with each fluid pas- 
sage 110. When a predetermined driving signal is sup- 
45 plied to the heater 1 02 in the assembled state shown in 
Fig. 3, an ink above the heater 102 is boiled to produce 
a bubble, and the ink is pushed and discharged from the 
discharging opening 108 upon volume expansion of the 
ink. Therefore, the size of a bubble can be adjusted by 
so controlling a driving pulse applied to the heater 102, e. 
g., controlling the magnitude of power. That is, the vol- 
ume of the ink discharged from each discharging open- 
ing can be arbitrarily controlled. 

Fig. 4 is a timing chart for explaining a method of 
55 controlling the amount of ink discharged by changing 
power supplied to each heater in this manner. 

In this embodim nt, two types of constant-voltage 
pulses are applied to each heater 102 to adjust th 
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amount of ink discharged. The two pulses ar a preheat 
pulse and a main heat pulse (to be simply r ferred to as 
a heat pulse her inafter), as shown in Fig. 4. Th pre- 
heat pulse is a pulse for heating an ink to a predeter- 
mined temperature before the ink is actually discharged. 
The pulse width of this pulse is set to be smaller than a 
minimum pulse width t5 required to discharge the ink. 
Therefore, the ink is not discharged by this preheat 
pulse. The preheat pulse is applied to each heater 102 
to increase the initial temperature of the ink to a prede- 
termined temperature in advance so as to always make 
the amount of ink discharged constant when a constant 
heat pulse is applied to the heater 102 afterward. In con- 
trast to this, the temperature of the ink may be adjusted 
in advance by adjusting the width of a preheat pulse. In 
this case, for the same heat pulse, the amount of ink 
discharged can be changed. In addition, by heating ink 
before application of a heat pulse, the start time required 
to discharge the ink upon application of the heat pulse 
can be shortened to improve the responsibility. 

The heat pulse is a pulse for actually discharging 
the ink. The pulse width of the heat pulse is set to be 
larger than the minimum pulse width t5 required to dis- 
charge the ink. Energy generated by each heater 102 is 
proportional to the width (application time) of a heat 
pulse. Therefore, variations in the characteristics of the 
h aters 102 can be adjusted by adjusting the width of 
each heat pulse. 

Note that the amount of ink discharged can also be 
adjusted by adjusting the interval between a preheat 
pulse and a heat pulse to control the dispersed state of 
heat upon application of the preheat pulse. 

As is apparent from the above description, the 
amount of ink discharged can be controlled both by ad- 
justing the application time of a preheat pulse and by 3S 
adjusting the interval between application of a preheat 
pulse and that of a heat pulse. Therefore, by adjusting 
the application time of a preheat pulse or the interval 
between application of a preheat pulse and that of a heat 
pulse as needed, the amount of ink discharged or the 40 
responsibility of discharging of the ink with respect to an 
applied pulse can be arbitrarily adjusted. 

Such adjustment of the amount of ink discharged 
will be described in detail next. 

Assume that an ink is discharged in different 4S 
amounts from discharging openings (nozzles) 108a, 
108b, and 108c upon application of the same voltage 
pulse, as shown in Fig. 4. More specifically, assume that 
when a voltage having a predetermined pulse width is 
applied at a predetermined temperature, the amount of so 
ink discharged from the nozzle 1 08a is 36 pi (pico-liters); 
the amount of ink discharged from the nozzle 1 08b, 40 
pi; and the amount of ink discharged from the nozzle 
108c, 40 pi, and the resistance of heaters 102a and 
102b corresponding to the nozzles 108a and 108b is ss 
200 O, and the resistanc of a heater 1 02c correspond- 
ing to th nozzle 108c is 210 £1 Assume that the 
amounts o? ink discharged from the .tozzt es 1 08a, Z CSb, 



and 108c are to be adjusted to 40 pi. 

The widths of a pr heat pulse and a heat pulse may 
be adjusted to adjust the amounts of ink discharged from 
the nozzles 108a, 108b, and 108c to the same amount. 
s Various combinations of the widths of preheat pulses 
and heat pulses are conceivable. In this case, the 
amounts of energy generated by heat pulses are made 
equal for the three nozzles, and the amounts of ink dis- 
charged are adjusted by adjusting the widths of preheat 
10 pulses. 

Since the heaters 102a and 102b for the nozzles 
108a and 108b have the same resistance, i.e., 200 C2, 
the amounts of energy generated by heat pulses can be 
made equal by applying voltage pulses having the same 
is width to the heaters 102a and 102b. In this case, the 
width of each voltage pulse is set to be t3 which is larger 
than the width t5. An ink is discharged in different 
amounts, i.e., 36 pi and 40 pi, from the nozzles 108a 
and 108b upon application of identical heat pulses. In 
20 order to increase the amount of ink discharged from the 
nozzle 108a, a preheat pulse having a width t2 larger 
than a width tl of a preheat pulse applied to the heater 
102b is applied to the heater 102a. With this operation, 
the amounts of ink discharged from the heaters 108a 
25 and 108b can be adjusted to 40 pi. 

The heater 102c for the nozzle 108c has a resist- 
ance of 21 0 O, which is higher than the resistance of the 
two remaining heaters 102a and 102b. For this reason, 
in order to cause the heater 102c to generate the same 
amount of energy as that generated by the two remain- 
ing heaters, the width of a heat pulse must be set to be 
larger than that of the above heat pulse. In this case, 
therefore, the width of the heat pulse is set to be t4 which 
is larger than the width t3. Since the amounts of ink dis- 
charged from the nozzles 108b and 108c upon applica- 
tion of a predetermined pulse are the same, the width 
of a preheat pulse required is equal to that of a preheat 
pulse applied to the heater 102b. That is. a preheat 
pulse having the width tl is applied to the heater 102c. 

In the above manner, the same amount of ink can 
be discharged from the nozzles 108a, 108b, and 108c 
which discharge an ink in different amounts upon appli- 
cation of a predetermined pulse. In addition, the 
amounts of ink discharged may be intentionally made to 
differ from each other. Note that preheat pulses are used 
to reduce variations in the discharging operation of each 
nozzle. 

Figs. 5A to 5F show an example of the process of 
manufacturing a color filter. 

In this embodiment, a glass substrate is generally 
used as a substrate 1 . However, a substrate other than 
a glass substrate can be used as long as it has charac- 
teristics required for a liquid crystal color filter, e.g., good 
transparency and high mechanical strength. 

Fig. 5A shows the glass substrat 1 having a black 
matrix 2 constituted by light-transmitting portions 7 and 
light-shielding portions. First of all, the glass substrate 
1, an which the black matnx 2 is formed, is coated with 
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a resin composition which can be cured upon irradiation 
of light or irradiation of light and heating, and has ink 
receptivity. The resultant structure is pre-baked, as 
needed, to form a resin layer 3' (Fig. 5B). The resin layer 
3' can be formed by a coating method such as spin coat- s 
ing, roller coating, bar coating, spraying, or dipping. 
However, the present invention is not limited to any spe- 
cific coating method. 

Subsequently, pattern exposure is performed in ad- 
vance onto resin layer portions light-shielded by the 
black matrix 2 by using a photomask 4' to cure the ex- 
posed portions of the resin layer so as to form portions 
5' (non -colored portions) which do not absorb an ink 
(Fig. 5C). Thereafter, the resin layer is colored in R, G, 
and B at once by using the ink-jet heads (Fig. 5D), and 
the inks are dried, as needed. 

As the photomask 4' used when pattern exposure 
is performed, a mask having opening portions for curing 
the portions light-shielded by the black matrix is used. 
In this case, in order to prevent a color omission of the 
color material at a portion in contact with the black ma- 
trix, a relatively large amount of ink must be discharged. 
For this reason, a mask having opening portions each 
having a size smaller than the width of each light-shield- 
ing portion of the black matrix is preferably used. 

As an ink to be used for a coloring operation, both 
dye and pigment inks can be used, and both liquid and 
solid inks can be used. 

As a curable resin composition to be used in the 
pr sent invention, any resin composition which has ink 
receptivity and can be cured by at least one of the fol- 
lowing treatments: irradiation of light and a combination 
of irradiation of light and heating, can be used. As resins, 
acrylic resin, epoxy resin, and silicone resin are availa- 
bl . As cellulose derivatives, hydroxypropyl cellulose, 
hydroxy ethyl cellulose, methyl cellulose, carboxyrne- 
thyl cellulose are available, and modified materials 
thereof are also available. 

Optical initiators (crosslinkers) can also be used to 
crosslink these resins by irradiation of light or irradiation 
of light and heating. As optical initiators, dichromate, a 
bis-azide compound, a radical-based initiator, a cation- 
based initiator, an an ion -based initiator, and the like can 
be used. Mixtures of these optical initiators and combi- 
nations of the initiators and sensitizers can also be used. 
In addition, an optical acid generating agent such as on- 
ium salt can be used as a crossl inker. In order to make 
a cross! in king reaction further progress, a heat treat- 
m nt may be performed after irradiation of light. 

Resin layers containing these compositions have 
excellent heat resistance, excellent water resistance, 
and the like, and are sufficiently resistant to high tem- 
peratures and cleaning in the subsequent steps. 

As an ink-jet system used in the present invention, 
a bubble-j t type using an electrothermal converter as 
an energy generating element, a piezoelectric jet type 
using a piezoelectric lement, or th like can be used. 
A coloring area and coloring pattern can be arbitrarily 



set. 

This embodiment exemplifies the structure in which 
the black matrix is formed on the substrate. However, 
after a curable resin composition layer is formed or after 
coloring is performed, a black matrix may be formed on 
the resin layer without posing any problem. That is, the 
form of a black matrix is not limited to that in this em- 
bodiment. As a method of forming a black matrix, a 
method of forming a thin metal film on a substrate by 
sputtering or deposition, and patterning the film by a 
photolithographic process is preferably used. However, 
the present invention is not limited to this. 

Subsequently, the curable resin composition is 
cured by performing only one of the following treat- 
ments: irradiation of light, a heat treatment, and a com- 
bination of irradiation of light and a heat treatment (Fig. 
5E), and a protective layer 8 is formed, as needed (Fig. 
5F). Note that reference symbol hv denotes the intensity 
of light. When a heat treatment is to be performed, heat 
is applied instead of hv. The protective layer 8 can be 
made of a second resin composition of a photo-setting 
type, thermosetting type, or photo-setting/the rmosetting 
type. The resultant layer needs to have transparency 
upon formation of a color filter and be sufficiently resist- 
ant to the subsequent processes such as an ITO forma- 
tion process and an aligning film formation process. 

Fig. 6 is a sectional view showing the basic structure 
of a color liquid crystal display device 30 incorporating 
the above color filter. 

In general, a color liquid crystal panel is formed by 
joining the color filter substrate 1 to a counter substrate 
21 and sealing a liquid crystal compound 18 therebe- 
tween. TFTs (Thin Film Transistors) (not shown) and 
transparent pixel electrodes 20 are formed on the inner 
surface of one substrate 21 of the liquid crystal panel in 
a matrix form. A color filter 54 is placed on the inner sur- 
face of the other substrate 1 such that the R, G, and B 
coloring materials are positioned to oppose the pixel 
electrodes. A transparent counter electrode (common 
electrode) 1 6 is formed on the entire surface of the color 
filter 54. The black matrix 2 is generally formed on the 
color filter substrate 1 side. Aligning films 19 are formed 
within the planes of the two substrates. By performing 
a rubbing process for the aligning films 19, the liquid 
crystal molecules can be aligned in a predetermined di- 
rection. Polarizing plates 11 and 22 are bonded to the 
outer surface of the respective glass substrates. The liq- 
uid crystal compound 18 is filled in the gap (about 2 to 
5 u/n) between these glass substrates. As a backlight, 
a combination of a fluorescent lamp (not shown) and a 
scattering plate (not shown) is generally used. A display 
operation is performed by causing the liquid crystal com- 
pound to serve as an optical shutter for changing the 
transmittance for light emitted from the backlight. 

A case wh rein th above liquid crystal display de- 
vice is applied to an information processing apparatus 
will be described below with reference to Figs. 7 to 9. 

Fig. 7 is a block diagram showing the schematic ar- 



15 



20 



25 



30 



35 



40 



45 



SO 



NSOOCID: <EP 0832745A2 I > 



EP 0 832 745 A2 



14 



rangement of an information processing apparatus 
serving as a wordproc ssor, a personal comput r, a fac- 
simile apparatus, and a copying machine, to which the 
above liquid crystal display device is applied. 

Referring to Fig. 7, reference numeral 1801 denotes 5 
a control unit for controlling the overall apparatus. The 
control unit 1801 includes a CPU such as a microproc- 
essor and various I/O ports, and performs control by out- 
putting/inputting control signals, data signals, and the 
like to/from the respective units. Reference numeral 10 
1802 denotes a display unit for displaying various men- 
us, document information, and image data read by an 
image reader 1807, and the like on the display screen; 
1803, a transparent, pressure-sensitive touch panel 
mounted on the display unit 1802. By pressing the sur- is 
face of the touch panel 1803 with a finger of the user or 
the like, an item input operation, a coordinate position 
input operation, or the like can be performed on the dis- 
play unit 1802. 

Reference numeral 1 804 denotes an FM (Frequen- 20 
cy Modulation) sound source unit for storing music in- 
formation, created by a music editor or the like, in a 
memory unit 1810 or an external memory unit 1812 as 
digital data, and reading out the information from such 
a memory, thereby performing FM modulation of the in- 25 
formation. An electrical signal from the FM sound source 
unit 1 804 is converted into an audible sound by a speak- 
er unit 1805. A printer unit 1806 is used as an output 
terminal for the wordprocessor, the personal computer, 
the facsimile apparatus, and the copying machine. 30 

Reference numeral 1807 denotes an image reader 
unit for photoelectrical ly reading original data. The im- 
age reader unit 1 807 is arranged midway along the orig- 
inal convey passage and designed to read originals for 
facsimile and copy operations and other various origi- 35 
nals. 

Reference numeral 1808 denotes a transmission/ 
reception unit for the facsimile (FAX) apparatus. The 
transmission/reception unit 1 808 transmits original data 
read by the image reader unit 1807 by facsimile, and 40 
receives and decodes a sent facsimile signal. The trans- 
mission/reception unit 1 808 has an interface function for 
external units. Reference numeral 1809 denotes a tele- 
phone unit having a general telephone function and var- 
ious telephone functions such as an answering function. 45 

Reference numeral 1810 denotes a memory unit in- 
cluding a ROM for storing system programs, manager 
programs, application programs, fonts, and dictionaries, 
a RAM for storing an application program loaded from 
the external memory unit 1812 and document informa- so 
tion, a video RAM, and the like. 

Reference numeral 1811 denotes a keyboard unit 
for inputting document information and various com- 
mands. 

Reference numeral 1812 denotes an external mem- 55 
ory unit using a floppy disk, a hard disk, and the lik . 
The external memory unit 1812 serves to store docu- 
ment integration, music and speech ij^ojnratron, appli- 



cation programs of the user, and the like. 

Fig. 8 is a persp ctiv view of the information 
processing apparatus in Fig. 7. 

Referring to Fig. 8, reference numeral 1901 denotes 
a flat panel display using the above liquid crystal display 
device, which displays various menus, graphic pattern 
information, document information, and the like. A coor- 
dinate input or item designation input operation can be 
performed on the flat panel display 1 901 by pressing the 
surface of the touch panel 1803 with a finger of the user 
or the like. Reference numeral 1 902 denotes a handset 
used when the apparatus is used as a telephone set. A 
keyboard 1903 is detachably connected to the main 
body via a cord and is used to perform various document 
functions and input various data. This keyboard 1 903 
has various function keys 1904. Reference numeral 
1 905 denotes an insertion port through which a floppy 
disk is inserted into the external memory unit 1812. 

Reference numeral 1 906 denotes an original table 
on which an original to be read by the image reader unit 
1807 is placed. The read original is discharged from the 
rear portion of the apparatus. In a facsimile receiving 
operation or the like, received data is printed out by an 
ink-jet printer 1907. 

When the above information processing apparatus 
is to serve as a personal computer or a wordprocessor, 
various kinds of information input through the keyboard 
unit 1811 are processed by the control unit 1801 in ac- 
cordance with a predetermined program, and the result- 
ant information is output, as an image, to the printer unit 
1806. 

When the information processing apparatus is to 
serve as the receiver of the facsimile apparatus, facsim- 
ile information input through the transmission/reception 
unit 1808 via a communication line is subjected to re- 
ception processing in the control unit 1801 in accord- 
ance with a predetermined program, and the resultant 
information is output, as a received image, to the printer 
unit 1806. 

When the information processing apparatus is to 
serve as the copying machine, an original is read by the 
image reader unit 1807, and the read original data is 
output, as an image to be copied, to the printer unit 1 806 
via the control unit 1 801 . Note that when the information 
processing apparatus is to serve as the receiver of the 
facsimile apparatus, original data read by the image 
reader unit 1807 is subjected to transmission process- 
ing in the control unit 1801 in accordance with a prede- 
termined program, and the resultant data is transmitted 
to a communication line via the transmission/reception 
unit 1808. 

Note that the above information processing appa- 
ratus may be designed as an integrated apparatus in- 
corporating an ink-jet printer in the main body, as shown 
in Fig. 9. In this case, the portability of the apparatus 
can be improved. The same reference numerals in Fig. 
9 denote parts having the same functions as those in 
Fig. Q. 
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Two typical methods of reducing density irregularity 
in the respective pixels of a color filter will be described 
next. 

Figs. 10 to 12 show a method (to be referred to as 
bit correction hereinafter) of correcting the differences 
between the amounts of ink discharged from the respec- 
tive nozzles of the ink-jet head IJH having a plurality of 
ink discharging nozzles. 

First of all, as shown in Fig. 10, inks are discharged 
from, for example, three nozzles 1, 2, and 3 of the ink- 
jet head IJH onto a predetermined substrate R The siz- 
es or densities of ink dots formed on the substrate P by 
the inks discharged from the respective nozzles are 
measured to measure the amounts of ink discharged 
from the respective nozzles. In this case, the width of a 
heat pulse (see Fig. 4) to be applied to each nozzle is 
k pt constant, whereas the width of a preheat pulse (see 
Fig. 4) is changed, as described above. With this setting, 
curves, like those shown in Fig. 11, exhibiting relation- 
ships between the preheat pulse widths (represented by 
the heat time in Fig. 11) and ink discharging amounts 
can be obtained. As is obvious from Fig. 11 , the widths 
of preheat pulses to be applied to the nozzles 1,2, and 
3 are 1,0 \is t 0.5 |is, and 0.75 [is, respectively. All the 
amounts of ink discharged from the respective nozzles 
can therefore be set to 20 ng as shown in Fig. 12 by 
applying the preheat pulses having these widths to the 
heaters of the respective nozzles. Correcting the 
amounts of ink discharged from the respective nozzles 
will be called bit correction. In this embodiment, for ex- 
ample, the width of a preheat pulse is changed in four 
levels to realize a correction width of about 30%. The 
correction resolution is 2 to 3%. 

Figs. 13 to 15 show a method (to be referred to as 
shading correction hereinafter) of correcting density ir- 
regularity in the scanning direction of the ink-jet head by 
adjusting the density of an ink discharged from each ink 
discharging nozzle. 

Assume that the amounts of inkdischarged from the 
nozzles 1 and 2 of the ink-jet head are -10% and +20%, 
r spectively, relative to the amount of ink discharged 
from the nozzle 3, as shown in Fig. 1 3. In this case, while 
th ink-jet head IJH is scanned, a heat pulse is applied 
to the heater of the nozzle 1 once for every nine refer- 
ence clocks, a heat pulse is applied to the heater of the 
nozzle 2 once for every 12 reference clocks, and a heat 
pulse is applied to the heater of the nozzle 3 once for 
every 10 reference clocks, as shown in Fig. 14. With this 
operation, inks are discharged from the respective noz- 
zles different numbers of times in the scanning direction 
so the ink densities of the pixels of the color filter in the 
scanning direction can be made uniform, as shown in 
Fig. 1 5, thereby preventing density irregularity in the re- 
spective pixels. Correcting the ink discharging densities 
in the scanning dir ction in this manner is called shading 
correction. In this embodiment, this correction realizes 
a correction width of about 40%. 

In this embodiment, th head unit 55 is detachably 



mounted on the color filter manufacturing apparatus 90 
such that the pivot angle of the unit can be adjusted with- 
in a horizontal plane, as described above. The R, G, and 
B ink-jet heads in the head unit 55 are adjusted by the 
s adjusting device provided independently of the color fil- 
ter manufacturing apparatus 90. The head unit 55 ad- 
justed by this adjusting device is mounted on the color 
filter manufacturing apparatus 90, and only the pivot an- 
gle of the unit within a horizontal place is adjusted. With 

10 this arrangement, when the head unit 55 is mounted on 
the color filter manufacturing apparatus 90 and simple 
adjustment is performed, coloring of a color filter can be 
immediately started without performing other adjusting 
operations. When the head unit 55 is adjusted by th 

is separate adjusting device, dust can be prevented, as 
compared with a case in which the head is adjusted 
while being mounted on the color filter manufacturing 
apparatus 90. In addition, since the color filter manufac- 
turing apparatus 90 need not be stopped for the adjust- 

20 ment of the head, the availability of the apparatus can 
be improved. On examination by the present inventors, 
it was found that in the manufacture of a color filter, in 
particular, when dust adhered to the color filter substrate 
1 , inks in adjacent pixel arrays of different colors mixed 

25 via the dust, resulting in color mixture, and that the pre- 
vention of dust was critical to manufacture a high^uality 
color filter. For this reason, a color filter is preferably 
manufactured in a clean environment with class 100 or 
(ess: Adjusting the head unit 55 by using the separate 

30 device in the above manner is very effective in prevent- 
ing dust and manufacturing a high-quality color filter. 
Note that class 100 is defined by US Federal Standard 
209. In brief, class 100 is a standard of cleanliness which 
permits 3.5 particles with particle diameters of 0.5 urn 

35 or more within a volume of 1 liter. 

Prior to a description of the adjusting device for ad- 
justing the head unit 55, the structure of the head unit 
55 will be described first. 

The head unit 55 in this embodiment has a plurality 

40 of multi-nozzle type ink-jet heads, each having a plural- 
ity of nozzles, supported by the mount head 55a. 

The mount head 55a has a mechanism for simulta- 
neously changing the mounting angles of a plurality of 
heads, and a mechanism for separately adjusting the 

45 positions of the heads in the sub-scanning direction. 

The pixels of a color filter are basically colored by 
the ink-jet method in the following manner. First of all, 
multi-nozzle heads, each having a plurality of nozzles 
at a predetermined pitch, and more specifically, nozzles 

50 corresponding to the pixel pitch, are used to perform 
coloring in the main scanning direction. The heads or 
the substrate is then moved in the sub-scanning direc- 
tion, and coloring in the main scanning direction is re- 
peated. 

ss Since the nozzl pitch of each multi-nozzle type ink- 
jet head in this embodiment is smaller than the pixel 
pitch, coloring is perform d by using every plurality of 
nozzles. If a pixel pitch does not coincide with a multiple 
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of the nozzle pitch, the angle of each ink-jet head is 
changed from 90° with r spect to the main scanning di- 
r ction to match with the pixel pitch. 

In this case, with a mechanism for simultaneously 
rotating a plurality of heads having the same nozzle 5 
pitch and a mechanism for finely adjusting the angle of 
each head, the pixel pitch and the pitch of nozzles, of 
each ink-jet head, which are to be used can be efficiently 
matched with each other 

In addition, with a mechanism for finely moving 
each ink-jet head in the sub-scanning direction, the noz- 
zle positions of a plurality of heads can be set to desired 
pixel positions of the color filter. 

Fig. 16 is a perspective view showing the inner 
structure of the mount head 55a. Fig. 1 7 is a plan view 
of the mount head 55a in Fig. 16. 

Referring to Figs. 16 and 17, reference numerals 
204a, 204b, and 204c denote multi-nozzle type ink-jet 
heads. These three ink-jet heads, i.e., the R (red) head 
204a, the G (green) head 204b, and the B (blue) head 
204c, can be normally mounted on the mount head 55a. 
A plurality of nozzles 205 (the nozzles are mounted on 
the lower surfaces of the ink-jet heads and hence cannot 
be seen actually in Fig. 17, but are indicated by the solid 
lines for the sake of descriptive convenience) are ar- 
ranged at the same pitch in the longitudinal direction of 
the heads. One end portion of each of the ink-jet heads 
204a, 204b, and 204c is supported by a corresponding 
on of holders 208a, 208b, and 208c. These holders are 
supported to be pivotal about rotating shafts 206a, 206b, 
and 206c fixed to the mount head 55a within a horizontal 
plane with respect to the mount head 55a. The other 
nd portion of each of the ink-jet heads 204a, 204b, and 
204c is supported by a corresponding one of holders 
210a, 210b, and 210c. These holders are supported to 
be pivotal about rotating shafts 212a, 212b, and 212c 
within a horizontal plane with respect to a slide member 
214. The rotating shafts 212a, 212b, and 212c are ec- 
centric shafts. By rotating slot portions 212a1, 212b1, 
and 212c1 (only the slot portion 212c1 is not shown) at 
th head portions of the rotating shafts 21 2a, 21 2b, and 
212c, the holders 210a, 210b, and 210c can be finely 
moved in the direction indicated by an arrow I with re- 
spect to the slide member 214. With this structure, the 
pivot angles of the ink-jet heads 204a, 204b, and 204c 
can be finely adjusted independently of each other. The 
slide member 214 is supported to be movable in the X 
and Y directions with respect to the mount head 55a, 
and is biased by a spring 216 in the direction indicated 
by an arrow A. A micrometer screw 218 is set on the 
opposite side of the mount head 55a to the spring 216. 
By rotating the micrometer screw 218, the spring 216 is 
moved in the X direction. With this operation, the three 
ink-jet heads 204a, 204b, and 204c can be simultane- 
ously inclined by an arbitrary angle 9 with respect to th 
positions indicated by the dotted lin s in Fig. 17 (the Y- 
axis), th reby adjusting the inclinations of the heads with 
respect to the scanning <f recfion. 3y rotating the eccen- 



tric shafts 212a, 212b, and 212c, the inclination angles 
of th respective heads can be finely adjusted independ- 
ently. In addition, compression springs 220a, 220b, and 
220c are arranged in the hold rs 210a, 21 0b, and 210c 
to bias the ink-jet heads 204a, 204b, and 204c to the 
right in Fig. 17. Micrometer screws 222a, 222b, and 
222c are set on the holders 208a, 208b, and 208c to 
oppose the compression springs 220a, 220b, and 220c. 
By rotating these micrometer screws, the positions of 
the respective ink-jet heads can be adjusted in the di- 
rection indicated by an arrow B (the sub-scanning direc- 
tion). 

If the mount head 55a is set on the adjusting device 
such that the main scanning direction X coincides with 
a straight line connecting the rotating shafts 206a, 206b, 
and 206c of the respective heads, adjustment is facili- 
tated. 

In actually adjusting the heads, the heads are simul- 
taneously rotated about the head rotating shafts 206a, 
206b, and 206c to adjust the angle 0 of the respective 
heads so as to match the pitch of desired nozzles (noz- 
zles used for coloring) with a pixel pitch. In addition, the 
slight differences between the relative angles of the re- 
spective heads are adjusted by rotating the eccentric 
shafts 212a, 212b, and 212c. In this case, each head is 
inclined by the angle 6 that satisfies b = na-cose (n is a 
positive integer) where a is the nozzle pitch (urn), and b 
is the pixel pitch (ujti). Thereafter, the micrometer 
screws 222a, 222b, and 222c are adjusted to match the 
positions of the nozzles with the positions of R, G, and 
B pixel patterns. 

Fig. 18 is a plan view showing the structure of an 
adjusting device 300 for adjusting the head unit 55. Fig. 
1 9 is a side view of the adjusting device 300 in Fig. 18 
when viewed from the right side. 

Referring to Figs. 18 and 19, an X slide guide 306 
extending in the X direction is mounted on a base (not 
shown). A Y slide guide 308 extending in the Y direction 
is supported on the X slide guide 306 to be slidable in 
the X direction. The Y slide guide 308 is slid/driven on 
the X slide guide 306 in the X direction by a driving 
mechanism (not shown). A table 304 is supported on 
the Y slide guide 308 to be slidable in the Y direction. A 
glass substrate 302 to which inks are discharged for 
head adjustment is placed on the table 304. The glass 
substrate 304 is slid/driven on the Y slide guide 308 in 
the Y direction by a driving mechanism (not shown). As 
a result, the table 304, i.e., the glass substrate 302, is 
moved/driven two-dimensionally in the X and Y direc- 
tions with respect to the base (not shown). 

The head unit 55 is placed above the table 304 while 
being mounted on a head support column 312 of the 
adjusting device 300, as shown in Fig. 1 9. A line sensor 
camera 310 for reading ink dots printed on the glass 
substrate 302 is placed on a side of the head unit 55. 

A restoring unit 314 is placed on an extended line 
of the X slide guide 306. The restoring unit 314 restores 
the ink dischargxg nozzles ci the crrfc-jet heads 2C4a, 
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204b, and 204c from discharge failures to normal states 
by sucking inks from the nozzles. 

A procedure for adjusting the head unit 55 by using 
the adjusting device having the above structure will be 
described below. 5 

Fig. 20 is a flow chart showing the overall procedure 
for adjusting the head unit. The overall procedure for ad- 
justing the head unit will be described with reference to 
this flow chart of Fig. 20. The respective steps will be 
described in detail later. * o 

First of all, the ink-jet head unit 55 incorporating a 
plurality of heads each having undergone a screening 
test, precision adjustment, and the like is mounted on 
th restoring unit 314 head support column 312 of the 
adjusting device 300 (step S1 ). 1& 

Subsequently, drive voltages to be applied to the 
respective heads incorporated in the head unit are ad- 
justed (K value adjustment). In this adjustment, a volt- 
age V op in Fig. 4 is gradually increased to discharge ink 
so as to set each drive voltage to a constant multiple of 20 
a threshold voltage for starting a discharging operation. 
In this embodiment, the drive voltages were set to about 
24 V to 26 V (step S2) although they differ depending 
on the heads. 

Aging is performed for a predetermined period of 2s 
time to eliminate the initial unstable region of discharg- 
ing from each head. In this test, inks were discharged 
from all the nozzles 6 x 10 6 times (step S3). 

Inks are discharged from the heads 204a, 204b, 
and 204c of the head unit 55 to print patterns, on the 30 
glass substrate 302, which are used for the angle and 
relative position adjustment of the respective heads 
(step S4). The patterns are read by a line sensor camera 
310, and the angles and relative positions of the respec- 
tive heads are adjusted on the basis of data obtained 35 
from the read patterns (step S5). 

Inks are discharged from the respective heads to 
print patterns, on the glass substrate 302, which are 
used to detect the amounts of ink discharged from the 
respective nozzles of the heads, and the patterns are *o 
read by the line sensor camera 310 to detect the 
amounts of ink discharged from the respective nozzles 
on the basis of the densities of the read patterns (step 
S6). 

If there are differences between the amounts of ink 
discharged from the respective nozzles, data about the 
densities of the inks discharged from the respective noz- 
zles, i.e., data for the above shading correction, is gen- 
erated to equalize the densities of the patterns printed 
in units of nozzles. Patterns are then printed after shad- so 
ing correction based on the generated shading correc- 
tion data, and the density differences (corresponding to 
the total amounts of ink discharged per unit length in the 
scanning direction) of the printed patterns are checked 
(step S7). 55 

Changes in the amounts of ink discharged from th 
respective nozzles with chang s in th lengths of pre- 
heat pulses applied to th heaters of the respective noz- 
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zles (using the above bit correction method) are meas- 
ured (step S8). 

Data indicating th lengths of preheat pulses to be 
applied to the heaters of the respective nozzles so as to 
equalize the amounts of in k discharged from the respec- 
tive nozzles is generated on the basis of the data about 
the amounts of ink discharged from the respective noz- 
zles, obtained in step S6, and the data about changes 
in the amounts of ink discharged with changes in the 
lengths of preheat pulses, obtained in step S8. Patterns 
are printed after shading correction and bit correction 
based on the shading correction data generated in step 
S7 and the bit correction data generated in step S8, and 
the density differences (corresponding to the total 
amounts of ink discharged per unit length in the scan- 
ning direction) of the printed patterns are checked (step 
S9). 

If there are density differences between the pat- 
terns printed in units of nozzles even after shading cor- 
rection and bit correction in step S9, one pixel is colored 
by performing a scanning operation a plu rality of n umber 
of times (to be called a multi-pass method hereinafter), 
and different nozzles are used for the respective scan- 
ning operations. When, for example, one pixel array is 
to be colored by three scanning operations, the first noz- 
zle is used for the first scanning operation; the second 
nozzle, for the second scanning operation; and the third 
nozzle, for the third scanning operation. In this manner, 
different nozzles are used for the respective scanning 
operations. Inthis case, a simulation is performed to find 
which nozzles should be used in the first, second, and 
third scanning operations to minimize the density differ- 
ences between the respective pixel arrays. In step S10, 
this simulation is performed to generate data indicating 
the specific ordinal numbers of nozzles to be used in the 
respective scanning operations. 

Finally, mass production data that specifies the spe- 
cific nozzles to be used and the specific ink discharging 
patterns in actually coloring a color filter is generated on 
the basis of the data obtained in steps S7 to S10 (step 
S11). 

Note that the above simulation calculation and con- 
trol on head adjustment are performed by a control unit 
330. 

The head unit 55 is adjusted in the above manner. 

A detailed operating procedure in each step in the 
flow chart of Fig. 20 will be described next. 

In step S4 in Fig. 20, first of all, the micrometer 
screw 21 8 of the head unit 55 is rotated to incline the R, 
G, and B heads 204a, 204b, and 204c such thatthe noz- 
zle pitch almost coincides with the pixel pitch of the color 
filter. In this embodiment, for example, the pitch of the 
pixel arrays is 264 um The X slide guide 306 is then 
driven to move the table 304 in the X direction, and the 
head unit 55 is scanned in the X direction relative to the 
glass substrate 302. Meanwhile, for example, ink dots 
are printed, five at a time, on the glass substrate 302 at 
a pitch of 400 u.m in the scanning direction by using the 
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respective nozzles of each of the heads 204a, 204b, and 
204c. Fig. 21 shows the resultant printed patterns. 

Subsequently, the printed patterns are read by the 
line sensor camera 310 while the Y slide guide 308 is 
driven to move the table 304 in the Y direction, and the s 
line sensor camera 310 is scanned in the Y direction 
relative to the glass substrate 302. The read printed pat- 
terns are subjected to image processing to obtain the 
center-of-gravity positions of the respective ink dots. 
Straight lines ^ to l 5 that almost pass through the cent- io 
ers of gravity are obtained by least squares approxima- 
tion. Angles 91 to 65 defined by the straight lines I-, to l 5 
and the Y-axis are obtained. The averages of these an- 
gles are then obtained as 9a, 6b, and 9c defined by the 
heads 204a, 204b, and 204c and the Y-axis. In addition, is 
r lative distances db and dc between the nozzles of the 
respective heads in the Y direction are obtained from 
straight lines passing through the centers of gravity of 
dots arranged in the X direction. 

In step S5, the eccentric shafts 212a, 212b, and 20 
212c for finely adjusting the angles of the respective 
heads are rotated to perform fine adjustment such that 
the angles 9a, 6b, and 6c obtained in step S4 are set to 
desired angles. In addition, the micrometer screws 
222a, 222b, and 222c for finely adjusting the respective 25 
heads in the subs-scanning direction are rotated to fin e- 
ly adjust the positions of the respective heads such that 
the relative distances db and dc between the respective 
heads in the Y direction are set to desired distances. 
With the above operations, the angle adjustment and 30 
position adjustment of the respective heads are corn- 
pi te. 

Fig. 22 is a flow chart showing the detailed contents 
of a procedure for measuring variations in the amounts 
of ink discharged from the respective nozzles (step S6) 35 
in the flow chart of Fig. 20. 

First of all, inks are discharged from the nozzles of 
the respective heads while the head unit 55 is scanned 
in the X direction relative to the glass substrate 302, 
thereby printing line patterns each having a length of 40 
about 50 mm, as shown in Fig. 23. In this case, preheat 
and heat pulses having the same patterns are applied 
to the heaters of the respective nozzles, and bit correc- 
tion is performed at an intermediate point (bit correction 
value "8") (step S1 2). 4S 

Subsequently, the densities of the respective line 
patterns printed in step S10 are measured while the line 
sensor camera 31 0 is scanned in the Y direction relative 
to the glass substrate 302 (step S1 3). 

The amounts of ink discharged from the respective so 
nozzles are obtained "from the densities of the respective 
line patterns which are obtained in step S1 3 (step S14). 
With the above operation, data about variations in the 
amounts of ink discharged from the respective nozzles 
can be obtained. 55 

A method of obtaining the amounts of ink dis- 
charged from the densities of line patterns will be de- 
scribed at dstafJ csiovi 



First of all, the densities of printed line patterns like 
those in Fig. 23 are measured by the lines nsorcam ra 
310. In this case, according to this embodiment, since 
each line pattern has a width of about 70 u^n, the integral 
value of densities within the range of ±40 urn from the 
center-of-gravity position of each line pattern in the Y 
direction is measured. 

A calibration curve as a reference in measuring the 
amount of ink discharged from an arbitrary nozzle of an 
ink-jet head per discharging operation under arbitrary 
conditions is obtained. The amount of ink discharged 
from a nozzle per discharging operation generally indi- 
cates the amount of one ink droplet. However, since an 
ink may not become a droplet, the expression "the 
amount of ink discharged per discharging operation" is 
used instead of "the amount of one ink droplet". 

First of ail, the amounts of ink discharged from at 
least two nozzles per discharging operation, of a plural- 
ity of nozzles of each ink-jet head to be subject to meas- 
urement, which discharge inks in amounts as different 
as possible under predetermined conditions are ob- 
tained in advance by a gravimetric method or an absorb- 
ance method. 

In this embodiment, the amounts of ink discharged 
from four nozzles, per discharging operation, which ex- 
hibited different discharging amounts under the prede- 
termined conditions were obtained in advance by the 
gravimetric method. 

Subsequently, inks are discharged from the four 
nozzles, whose discharging amounts per discharging 
operation have been obtained in this manner, under the 
same conditions as those set when the discharging 
amounts have been obtained. The densities of the ink 
dots formed on the glass substrate 302 by these inks 
are measured. With this measurement, the amounts of 
ink discharged from the four nozzles and the densities 
of the ink dots formed by the inks are obtained in one- 
to-one correspondence. Note that the density data of the 
ink dots formed by the four nozzles were obtained by 
sampling 50 printed dots and calculating the average 
values of the sampled values. In this case, the standard 
deviations of the density data were within 5% with re- 
spect to the average values. 

Fig. 24 is a graph showing the relationship between 
the amounts of ink discharged from the four nozzles per 
discharging operation and the densities of the ink dots 
formed on the glass substrate 302 by the inks. Referring 
to Fig. 24, the bullets are points indicating the amounts 
of ink discharged from the four nozzles and the de nsities 
of the ink dots. As is obvious from this graph, the four 
points are present almost on a straight line. If, therefore, 
a straight line passing through the four points is drawn, 
the density of an ink dot corresponding to an arbitrary 
discharging amount as a point on this straight line can 
be uniquely obtained. This straight line will be referred 
to as a calibration curve. 

This calibration curve is expressed by a straight 
Jir.e. A calibration curve can therefore be obtained by 
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plotting at I ast two points on a graph. That is, a calibra- 
tion curve can be obtained by using at least two nozzl s 
instead of using the four nozzles as in the above case. 
In this mbodiment, however, since ink discharging 
amount data obtained by the gravimetric method or the 
absorbance method is used to obtain a calibration 
curve, the precision of each measuring method directly 
affects the precision of discharging amount measure- 
ment in this embodiment. For this reason, a calibration 
curve is preferably obtained by using three or more noz- 
zles. In addition, as is obvious, a new calibration curve 
must be obtained every time an ink to be used is 
changed. 

Subsequently, on the basis of the density of a line 
pattern, which has already been obtained, and the 
above calibration curve, the amount of ink discharged 
from one nozzle, per discharging operation, which cor- 
responds to the density of the line pattern is obtained. 
Th ink discharging amount to be obtained in this step 
is the amount of ink discharged from one nozzle per dis- 
charging operation, but is not the amount of a plurality 
of inks like those forming a line pattern. However, the 
present inventors have experimentally confirmed that 
the amount of ink discharged per discharging operation 
can be obtained by using the density of a line pattern 
with little influence on the precision in measuring the dis- 
charging amount. 

In the above manner, the amount of ink discharged 
from each nozzle of each of the heads 204a, 204b, and 
204c per discharging operation is obtained, and varia- 
tions in the amounts of ink discharged from the respec- 
tiv nozzles can be measured. 

If there are density differences between the respec- 
tive line patterns, the above shading correction is per- 
formed in step S7 in Fig. 20 to change the ink discharg- 
ing densities in units of nozzles, thereby eliminating the 
density irregularity. Data indicating how to change the 
densities of inks discharged from the respective nozzles 
is generated on the basis of the variations in the 
amounts of ink discharged from the respective nozzles. 
Th se ink discharging densities are determined such 
that the total amounts of inks landing per unit length in 
the scanning direction (X direction) become uniform for 
th respective nozzles. Consider a nozzle whose dis- 
charging amount per discharging operation is small. In 
this case, the ink discharging density in the scanning 
direction is increased. As to a nozzle whose discharging 
amount per discharging operation is larger, the ink dis- 
charging density in the scanning direction is decreased. 
Shading correction is performed on the basis of the data 
obtained in this manner, and line patterns like those in 
Fig. 23 are printed on the glass substrate 302. The den- 
sities of the line patterns are detected again by the line 
sensor camera 310. 

If furth r correction based on these detected densi- 
ties is requir d, bit correction is performed. 

Fig. 25 is a flow chart showing the detailed contents 
of the procedure for measuring bit correction information 



24 

(step S8) in the flow chart of Fig. 20. 

In this embodiment, to perform bit correction, the 
width of a preheat pulse is changed in 16 levels (bit cor- 
rection values "0" to "1 5"). This bit correction information 

s is measured to obtain information indicating how th 
amount of ink discharged from each nozzle changes 
when the width of a preheat pulse is changed by on 
level of the 16 levels. 

The line patterns shown in Fig. 23 have already 

io been printed with bit correction value "8' in step S6. In 
this case, therefore, in step S 1 5, the line patterns shown 
in Fig. 23 are printed while the width of each preheat 
pulse is minimized (bit correction value "0"). 

Subsequently, the line patterns shown in Fig. 23 are 

is printed again while the width of each preheat pulse is 
increased to the 1 6th level, i.e., to the maximum length 
(bit correction value "15") (step S16). As a line pattern 
is printed while the bit correction value is increased in 
this manner, the amount of ink discharged increases. 

20 The density of the line pattern therefore gradually in- 
creases. 

The line sensor camera 310 is scanned over the 
glass substrate 302 to read the density of the line pattern 
with bit correction value "0", the density of the line pat- 

25 tern with bit correction value "8", and the density of the 
line pattern with the bit correction value "1 5" (step S1 7). 
The amounts of ink discharged from each nozzle with 
bit correction values "0", "8*, and "15" are obtained from 
these pieces of density information on the basis of the 

30 above calibration curve. 

With this operation, information indicating how the 
amount of ink discharged from each nozzle changes as 
the bit correction value is changed in levels, i.e., atthre 
points corresponding to bit correction values "0', "8", 

35 and MS", is obtained. A curve passing through these 
three points is obtained by the least squares method in 
units of nozzles. On the basis of the curve obtained in 
this manner, a change in the amount of ink discharged 
from each nozzle with a change in bit correction value 

40 by one level can be obtained (step S18). That is, this 
curve shows the specific bit correction values (levels) 
for the respective nozzles, i.e., the specific widths of pre- 
heat pulses, with which the amounts of ink discharged 
from the respective nozzles are made equal. 

45 in step S9 in Fig. 20, shading correction is per- 
formed on the basis of the obtained data, and bit cor- 
rection is performed on the basis of the data about the 
above bit correction, thereby printing the line patterns 
shown in Fig. 23 again. The densities of these line pat- 
so terns are measured by the line sensor camera 310 
again. At this stage, the densities of the respective line 
patterns should be made almost equal. 

When a mufti-pass print operation is to be per- 
formed to eliminate random variations in the amounts of 

55 ink discharged after shading corr ction or both shading 
correction and bit correction, the nozzle us d to color 
one pixel array in the scanning direction is changed in 
each scanning operation (on pass) in th above multi- 
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pass printing operation. In step S10 in Fig. 20, data in- 
dicating a combination of nozzles, i.e., the specific ordi- 
nal numbers of nozzles to be used in the respective 
scanning operations, is generated. In generating this 
data, since the data about the amount of ink discharged 
from each nozzle after bit correction has already been 
obtained, a simulation for calculating ink discharging 
amounts is performed by using a computer in corre- 
spondence with all the combinations of nozzles, i.e., the 
first nozzle in the first pass and the second nozzle in the 
second pass; the first nozzle in the first pass and the 
third nozzle in the second pass;..., the first nozzle in the 
first pass and the nth nozzle in the second pass; the sec- 
ond nozzle in the first pass and the third nozzle in the 
s cond pass; the second nozzle in the first pass and the 
fourth nozzle in the second pass;..., and the second noz- 
zle in the first pass and the nth nozzle in the second 
pass. Of these combinations, a combination with which 
the irregularity in total amount of ink discharged per unit 
length in the scanning direction for each pixel array is 
minimized is selected. Similarly, the above simulation 
calculation is performed to obtain data indicating the 
specific number of passes to be performed to color one 
pixel array so as to minimize the irregularity in total 
amount of ink discharged. In a multi-pass operation, 
however, a considerable effect can be expected even if 
the use of every nth nozzle and the execution of m pass- 
es are uniformly set. In this case, therefore, these set- 
tings may be fixed. 

In step S1 1 in Fig. 20, data about an ink discharging 
method and nozzles to be used for the mass production 
of color filters is generated on the basis of the data ob- 
tained in steps S7, S9, and S10. 

The mass production data obtained by the adjusting 
device 300 of the head unit 55 in this manner is sent to 
the color filter manufacturing apparatus 90. In addition, 
the head unit 55, whose inclination angle in the scanning 
operation and relative position have been adjusted by 
the adjusting device 300, is mounted on the manufac- 
turing apparatus 90, and only pivot angle adjustment 
within a horizontal plane is performed. Thereafter, color- 
ing of a color filter is actually performed. 

A method of eliminating irregularity in coloring a 
color filter by using the head unit 55 having undergone 
adjustment in the above manner will be described next. 

Prior to a description of the irregularity eliminating 
method of this embodiment, an existing method of color- 
ing a color filter by the multi-pass method will be de- 
scribed first. 

Consider a case in which a color filter is colored in 
three passes, with each nozzle to be used being shifted 
one by one in each pass. Consider one pixel array G1 
of the color filter, and three adjacent nozzles N1, N2, 
and N3 to be used to color this pixel array. Assume that 
the amounts of ink discharged from these nozzles vary, 
i.e., the amount of ink discharged from the nozzle N1 
per discharging operation is 10 ng (nanogram), the 
amcind c5 bik discharged frarr: the nozzle pei dis- 



charging operation is 20 ng, and the amount of ink dis- 
charged from the nozzle N3 per discharging operation 
is 40 ng. 

The pixel array G1 is colored in one pass by using 

5 these nozzles. Assume that the length of the pixel array 
G1 is about 200 mm, and an ink must be discharged 
from the nozzle N1 2,000 times to cobr the pixel array 
G1 . In this case, the total amount of ink required to color 
the pixel array G1 is 10 (ng) x 2000 = 20000 ng. In gen- 

io eral, in performing shading correction, ink discharging 
densities are set to equalize the total amounts of ink dis- 
charged from the respective nozzles to color one pixel 
array. For this reason, when the same pixel array G1 is 
to be colored by using the nozzle N2, an ink must be 

15 discharged 20000 (ng) 20 (ng) = 1 000 times. In this 
case, the intervals at which an ink is discharged from 
the nozzle N1 to color the pixel array G1 are 200 (mm) 
4- 2000 (times) =100 urn When coloring is performed 
by using the nozzle N2, since the number of times an 

20 ink is discharged to color one pixel is 1 /2 that in the case 
of the nozzle N1, the ink discharging intervals are 200 
|im. Similarly, when the nozzle N3 is to be used, the 
number of times an ink is discharged is 20000 ng -f- 40 
ng = 500, and the ink discharging intervals are 400 pirn. 

25 In other words, when one pixel array is to be colored 
in one pass by using the above three nozzles with dif- 
ferent discharging amounts, a 1 0-ng ink is discharged 
from the nozzle N1 2,000 times at 100-um intervals; a 
20-ng ink is discharged from the nozzle N2 1 ,000 times 

30 at 200-um intervals; and a 40-ng ink is discharged from 
the nozzle N3 500 times at 400-jim intervals. 

Consider a case in which one pixel array G1 is color- 
ed in three passes by using these three nozzles while 
the nozzle used in one pass is changed to another noz- 

35 zie in another pass. In this case, an ink is generally dis- 
charged from each of the three nozzles in an amount 
1/3 thetotal amount of ink required for coloring. Accord- 
ing to this method, therefore, an ink is discharged from 
the nozzle N1 2000 (times)/3 = 667 times in the first 

40 pass. To equally distribute the ink discharged 667 times 
in the scanning direction of the pixel array G1 , a 10-ng 
ink must be discharged at intervals of 300 ujm, i.e., three 
times larger than 1 00 um Similarly, in the second pass, 
an ink is discharged 1000 (times)/3 = 333 times. That 

45 j S , a 20-ng ink is discharged at intervals of 600 \im. In 
addition, an ink is discharged from the nozzle N3 500 
(times)/3 = 1 67 times. That is, a 40-ng ink is discharged 
at intervals of 1 ,200 um. 

The intervals at which inks are discharged from the 

50 respective nozzles are determined in this manner. Ac- 
cording to an existing method, inks are discharged from 
the respective nozzles from the same position, and each 
pixel array is colored in three passes. If, however, the 
discharging start positions in the three passes are the 

55 same, a 10-ng ink, a 20-ng ink, and a 30-ng ink overlap 
at the ink discharging start position and positions set at 
1,200-uxn intervals from the start position; a 10-ng ink 
ar.d a 20>-ng IrJk overlap ai pcs!lhms sel s! SOQ-pm Sn- 
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tervals from the start position; and only a 10-ng ink is 
discharged at the remaining positions. For this r ason, 
at the positions where the inks overlap, the landing inks 
spread wide on th glass substrate. However, at the po- 
sitions where the inks do not overlap, the landing inks s 
do not spread much on the glass substrate. As a result, 
color irregularity occurs in the pixels. Even if the dis- 
charging start positions in the respective passes are 
shifted from each other to solve this problem, since 
points corresponding to integer multiples of the intervals io 
at which an ink is discharged in the first pass (= integer 
multiples of the intervals at which an ink is discharged 
in the nth pass + the amount of a shift from the start 
position) appear, overlapping of inks cannot be avoided. 
That is, this method does not provide a perfect solution is 
to the above problem. 

In this embodiment, therefore, the above problem 
is solved by the following method. 

The total number of times inks must be discharged 
to color one pixel array in three passes is the sum of 667 20 
for the nozzle N1 , 333 for the nozzle N2, and 1 67 for the 
nozzle N3, i.e., 667 + 333 + 167 = 1167. In this embod- 
iment, 1,167, the total number of times inks are dis- 
charged, is simply divided by three; the numbers of 
times inks are discharged from the nozzles N1 , N2, and 25 
N3 are uniformly set to 1167 3 = 389. In addition, the 
intervals at which the inks are discharged from the re- 
spective nozzles are uniformly set to the value obtained 
by dividing the length (200 mm) of the pixel array by 
1,167, i.e., 200 (mm) -s- 1167= 171 ^im. 30 

More specifically, as shown in Fig. 28, first of all, a 
10-ng ink is discharged from the nozzle N1 at the dis- 
charging start position. Thereafter, a 10-ng ink is se- 
quentially discharged from the nozzle N1 at intervals of 
513 jam, which is three times larger than 171 |im. Dis- 35 
charging of the ink from the nozzle N2 is started at a 
position shifted from the discharging start position by 
171 urn, and a 20-ng ink is discharged at 51 3-jLim inter- 
vals. Discharging of the ink from the nozzle N3 is started 
at a position shifted from the discharging start position 40 
by 342 nm, and a 40-ng ink is discharged at 513-^im 
intervals. With this operation, all the 10-ng ink from the 
nozzle N1, the 20-ng ink from the nozzle N2, and the 
40-ng ink from the nozzle N3 are arranged on the pixel 
array at equal intervals of 171 jim; no inks land in an 45 
overlapping state. With this operation, the color irregu- 
larity shown in Figs. 26 and 27 is reduced, and a color 
filter with higher quality can be manufactured. 

According to the above description, the numbers of 
times inks are discharged to color one pixel array, which so 
should be 667 for the nozzle N1 , 333 for the nozzle N2, 
and 1 67 for the nozzle N3, are uniformly set to 389. That 
is, the total amount of ink discharged to color one pixel 
array differs from that required essentially. More specif- 
ically, the total amount of ink required essentially is 1 0 
(ng) x 667 + 20 (ng) x 333 ■+- 40 (ng) x 167 = 19890 ng, 
whereas th total amount of ink in this embodiment is 
10 (ng) x 389 + 20 (ng) x 389+ 40 (ng) x 389 = 27230 



ng. In the embodiment, however, variations in. the 
amounts of ink discharged from the respectiv nozzles 
are set to 10 ng, 20 ng, and 40 ng, i.e., greatly different 
values. In practice, variations in amounts of ink dis- 
charged after bit correction are about ±5% at most. If, 
for example, the amount of ink discharged from the first 
nozzle is 10 ng, the amount of ink discharged from th 
second nozzle is 9.5 ng, and the amount of ink dis- 
charged from the third nozzle is 10.5 ng. Even if, there- 
fore, the numbers of times inks are discharged from the 
respective nozzles are made uniform, little influence is 
exerted on the total amount of ink discharged to color 
one pixel array. With the use of the method of this em- 
bodiment, therefore, any inconvenience, e.g., an ink 
overflow due to different total amounts of ink dis- 
charged, does not occur, but only the effect of reducing 
color irregularity can be obtained. 

Fig. 29 shows the concept of the color filter coloring 
method according to this embodiment. As shown in Fig. 
29, inks are discharged at equal intervals to color pixel 
arrays while the nozzles to be used are shifted in the 
first, second, and third passes. In practice, adjacent pix- 
el arrays are colored in different colors, R, G, and B. In 
Fig. 29, for the sake of descriptive convenience, how- 
ever, the pixel arrays are colored in the same color. In 
addition, the differences between the amounts of ink dis- 
charged are indicated by the nozzles with different di- 
ameters. 

Various changes and modifications of the above 
embodiments can be made without departing the spirit 
and scope of the invention. 

For example, in the above embodiment, a color filter 
is colored in three passes. However, the number of 
passes is to be determined by the above-described sim- 
ulation in the embodiment, but is not limited to three. 

As methods of adjusting the amounts of ink dis- 
charged, two types of methods, i.e., shading correction 
and bit correction, are described. However, it suffices if 
one of the methods is performed. In many cases, the 
amounts of ink discharged can be satisfactorily correct- 
ed by shading correction alone. That is, bit correction is 
not essential. 

Furthermore, when heads whose discharging 
amounts are uniformly compensated are to be used, the 
adjusting device may be used only for positioning. 

According to the above description, the present in- 
vention is applied to the print apparatus of the system, 
among various ink-jet print systems, which has a means 
(e.g., an electrothermal converter or laser light) for gen- 
erating heat energy as energy used to discharge an ink, 
and changes the state of an ink by using the heat energy. 
According to this system, a high-density, high-definition 
print operation can be realized. 

As for the typical structure and principle, it is pref- 
erable that the basic structur disclosed in, for exampl , 
U.S. Patent No. 4,723,129 or 4,740,796 is employed. 
The above method can be adapted to both a so-called 
on-demand type apparatus and a continuous type ap- 
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paratus. In particular, a satisfactory effect can be ob- 
tained when the on-demand type apparatus is employed 
because of th structure arranged in such a manner that 
one or more drive signals, which rapidly raise the tem- 
perature of an electrothermal converter disposed to face 
a sheet or a fluid passage which holds the fluid (ink) to 
a level higher than levels at which film boiling takes 
place are applied to the electrothermal converter in ac- 
cordance with print information so as to generate heat 
energy in the electrothermal converter and to cause the 
heat effecting surface of the print head to take place film 
boiling so that bubbles can be formed in the fluid (ink) 
to correspond to the one or more drive signals. The en- 
largement/contraction of the bubble will cause the fluid 
(ink) to be discharged through a discharging opening so 
that one or more inks are formed. If a pulse shape drive 
signal is employed, the bubble can be enlarged/con- 
tracted immediately and properly, causing a further pre- 
f rred effect to be obtained because the fluid (ink) can 
be discharged while revealing excellent responsibility. 

It is preferable that a pulse drive signal disclosed in 
U.S. Patent No. 4,463,359 or 4,345,262 is employed. If 
conditions disclosed in U.S. Patent No. 4,31 3,124 which 
is an invention relating to the temperature rising ratio at 
the heat effecting surface are employed, a satisfactory 
print result can be obtained. 

As an alternative to the structure (linear fluid pas- 
sage or perpendicular fluid passage) of the print head 
disclosed in each of the above inventions and having an 
arrangement that discharge ports, fluid passages and 
electrothermal converters are combined, a structure 
having an arrangement that the heat effecting surface 
is disposed in a bent region and disclosed in U.S. Patent 
No. 4,558,333 or 4,459,600 may be employed. In addi- 
tion, the following structures may be employed: a struc- 
ture having an arrangement that a common slit is formed 
to serve as a discharge section of a plurality of electro- 
thermal converters and disclosed in Japanese Patent 
Laid-Open No. 59-123670; and a structure disclosed in 
Japanese Patent Laid-Open No. 59-138461 in which an 
opening for absorbing pressure waves of heat energy is 
disposed to correspond to the discharge section. 

Furthermore, as a print head of the full line type hav- 
ing a length corresponding to the maximum width of a 
recording medium which can be printed by the print ap- 
paratus, either the construction which satisfies its length 
by a combination of a plurality of print heads as dis- 
closed in the above specifications or the construction as 
a single full line type print head which has integrally been 
formed can be used. 

In addition, the invention is effective for a print head 
of the freely exchangeable chip type which enables 
electrical connection to the print apparatus main body 
or supply of ink from the main device by being mounted 
onto the apparatus main body, or for th cas by use of 
a print head of the cartridge type provided integrally on 
the print head itself. 

»t fs preferred to add^cmOy entptay the prtr.t nesd 



restoring means and the auxiliary means provided as 
the component of the present invention because the ef- 
fect of the pres nt invention can be further stabled. Spe- 
cifically, it is preferable to employ a print h ad capping 

5 means, a cleaning means, a pressurizing or suction 
means, an electrothermal converter, an another heating 
element or a preheating means constituted by combin- 
ing them and a pre-discharging mode in which a dis- 
charging operation is performed independently from the 

10 print operation in order to stably perform the print oper- 
ation. 

Although a fluid ink is employed in the above em- 
bodiments of the present invention, an ink which solidi- 
fies at the room temperature or lower, or an ink which 

is softens or liquifies at the room temperature may be 
used. That is, any ink which liquifies when a print signal 
is supplied may be used. 

Furthermore, an ink which is solidified when it is 
caused to stand, and liquified when heat energy is sup- 

20 pHed in accordance with a print signal can be adapted 
to the present invention to positively prevent a temper- 
ature rise caused by heat energy by utilizing the tem- 
perature rise as energy of state transition from the solid 
state to the liquid state or to prevent ink evaporation. In 

2S any case, an ink which is liquified when heat energy is 
supplied in accordance with a print signal so as to be 
discharged in the form of fluid ink, or an ink which is 
liquified only after heat energy is supplied, e.g., an ink 
which starts to solidify when it reaches a recording me- 

30 dium, can be adapted to the present invention. In the 
above case, the ink may be of a type which is held as 
fluid or solid material in a recess of a porous sheet or a 
through hole at a position to face the electrothermal con- 
verter as disclosed in Japanese Patent Laid-Open No. 

35 54-56847 or Japanese Patent Laid-Open No. 60-71 260. 
It is the most preferred way for the ink to be adapted to 
the above film boiling method. 

As has been described above, according to the 
present invention, when a color filter is to be manufac- 

40 tured by scanning ink-jet heads, each having a plurality 
of ink discharging nozzles, a plurality of numbers of 
times, a simulation calculation is performed to obtain da- 
ta indicating the specific ink discharging nozzles to be 
used in the respective scanning operations so as to re- 

45 duce color irregularity in the respective pixel arrays of 
the color filter. With this operation, a color filter with little 
color irregularity can be manufactured. 

In addition, by detecting the relative positions of a 
plurality of ink-jet heads and their inclinations in the 

so scanning operation using the adjusting device of the ink- 
jet head unit, the positions and inclinations of the ink-jet 
heads can be easily adjusted. 

Furthermore, variations in the amounts of ink dis- 
charged from a plurality of ink discharging nozzles of the 

ss ink-jet heads are detected to obtain data for correcting 
the variations in the amounts of ink discharged. With this 
operation, variations in the amounts of ink discharged 
frcrD the respert-Ve razztes in actLLaLV cohering a co'ct 
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filter can be reduced, and hence a color filter with little 
color irregularity can be manufactured. 

The present invention is not limited to the above em- 
bodiments and various changes and modifications can 
be made within the spirit and scope of the present in- $ 
vention. Therefore, to apprise the public of the scope of 
the present invention the following claims are made. 



Claims w 

1. An adjusting device for adjusting an ink-jet head unit 
having a plurality of ink-jet heads and used for an 
apparatus for printing lines by discharging inks onto 

a recording member while scanning said ink-jet is 
head unit relative to the recording member, com- 
prising: 

positional offset detection means for detecting 
a relative positional offset between said plural- 20 
ity of ink-jet heads; and 

angle detection means for detecting inclination 
angles of said plurality of ink-jet heads with re- 
spect to the scanning direction. 

25 

2. The device according to claim 1, wherein said po- 
sitional offset detection means and said angle de- 
tection means comprise a camera for image-sens- 
ing predetermined adjustment printed patterns 
formed on a printing member by inks discharged 00 
from said plurality of ink-jet heads, and calculation 
means for calculating a relative positional offset be- 
tween said plurality of ink-jet heads and inclination 
angles in the scanning direction from images of the 
adjustment printed pattern image-sensed by said 35 
camera. 

3. The device according to claim 2, wherein said cam- 
era is a line sensor camera, and further comprising 
scanning means for scanning said line sensor cam- <*o 
era relative to the printing member. 

4. The device according to claim 1 , wherein said ink- 
jet head unit is used to discharge an ink onto a color 
filter substrate to color each pixel array so as to 45 
manufacture a color filter. 

5. An adjusting device for adjusting an ink-jet head unit 
having a plurality of ink-jet heads, each having a 
plurality of nozzles, and used for an apparatus for so 
printing lines by discharging inks onto a recording 
member while scanning said ink-jet head unit rela- 
tive to the recording member, comprising: 

m asuring m ans for measuring variations in ss 
amounts of ink discharged from said plurality of 
nozzles; and 

calculation means for generating data for cor- 



recting the variations in the amounts of ink dis- 
charged from said plurality of nozzles on the ba- 
sis of data about the variations in the amounts 
of ink discharged from said plurality of nozzles 
which are measured by said measuring means. 

6. The device according to claim 5, wherein said 
measuring means comprises a camera for image- 
sensing a measurement printed pattern printed on 
a predetermined printing member by said ink-jet 
head unit. 

7. The device according to claim 5, wherein said ink- 
jet head unit is used to discharge an ink onto a color 
filter substrate to color each pixel array so as to 
manufacture a color filter. 

8. An adjusting method for adjusting an ink-jet head 
unit having a plurality of ink-jet heads and used for 
an apparatus for printing lines by discharging inks 
onto a recording member while scanning said ink- 
jet head unit relative to the recording member, com- 
prising: 

the positional offset detection step of detecting 
a relative positional offset between said plural- 
ity of ink-jet heads; 

the angle detection step of detecting inclination 
angles of said plurality of ink-jet heads with re- 
spect to the scanning direction; and 
the adjusting step of adjusting said ink-jet head 
unit on the basis of the detection results ob- 
tained in the positional offset detection step and 
the angle detection step. 

9. The method according to claim 8, wherein the po- 
sitional offset detection step and the angle detection 
step comprise causing a camera to image-sensing 
predetermined adjustment printed patterns formed 
on a printing member by inks discharged from said 
plurality of ink-jet heads, and calculating a relative 
positional offset between said plurality of ink-jet 
heads and inclination angles in the scanning direc- 
tion from images of the adjustment printed pattern 
image-sensed by said camera. 

1 0. The method according to claim 9, wherein said cam- 
era is a line sensor camera, and the positional offset 
detection step and the angle detection step com- 
prise scanning said line sensor camera relative to 
the printing member to read the adjustment printed 
patterns. 

11. The method according to claim 8, wherein said ink- 
jet head unit is used to discharge an ink onto a color 
filter substrat to color each pixel array so as to 
manufacture a color filter. 
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12. An adjusting m thod of adjusting an ink-jet head 
unit having a plurality of ink-jet h ads, each having 
a plurality of nozzles, and used for an apparatus for 
printing lines by discharging inks onto a recording 
member while scanning said ink-jet head unit rela- 
tive to the recording member, comprising: 

the measuring step of measuring variations in 
amounts of ink discharged from said plurality of 
nozzles; and 

the calculation step of generating data for cor- 
recting the variations in the amounts of ink dis- 
charged from said plurality of nozzles on th e ba- 
sis of data about the variations in the amounts 
of ink discharged from said plurality of nozzles 
which are measured in the measuring step. 

13. The method according to claim 12, wherein the 
measuring step comprises causing a camera to im- 
age-sense a measurement printed pattern printed 
on a predetermined printing member by said ink-jet 
head unit. 

14. The method according to claim 12, wherein said ink- 
jet head unit is used to discharge an ink onto a color 
filter substrate to color each pixel array so as to 
manufacture a color filter. 

15. An ink-jet print method of discharging inks onto a 
recording member while scanning an ink-jet head 
having a plurality of nozzles relative to the recording 
member, and printing lines by scanning said ink-jet 
head a plurality of number of times, comprising: 

the discharging amount measuring step of 
measuring amounts of ink discharged from said 
plurality of nozzles; and 
the nozzle selection step of selecting nozzles, 
of said plurality of nozzles, which are to be used 
in each of a plurality of scanning operations on 
the basis of the amounts of ink discharged from 
said nozzles which are obtained in the dis- 
charging amount measuring step. 

1 6. The method according to claim 1 5, further compris- 
ing the scanning count determination step of deter- 
mining the number of times of scanning on the basis 
of the amounts of ink discharged from said nozzles 
which are obtained in the discharging amount 
measuring step. 

1 7. The method according to claim 1 6, wherein the noz- 
zle selection step and the scanning count determi- 
nation step comprise performing a simulation cal- 
culation to calculate discharging amounts for all 
combinations of said plurality of nozzl s in corr - 
spondence with th number of times of scanning, 
and selecting a ccnrr±:natxn vvh:ch varsi ens 



in total discharging amount is minimized for each 
line. 

18. Th method according to claim 15, wh reinsaidink- 
s jet head is a head for discharging an ink by using 

heat energy, said head having a heat energy gen- 
erator for generating heat energy applied to the ink. 

19. The method according to claim 15, wherein saidink- 
io jet head unit is used to discharge an ink onto a color 

filter substrate to color each pixel array so as to 
manufacture a color filter. 

20. An ink-jet print apparatus for discharging inks onto 
is a recording member while scanning an ink-jet head 

having a plurality of nozzles relative to the recording 
member, and printing lines by scanning said ink-jet 
head a plurality of number of times, comprising: 

discharging amount measuring means for 
measuring amounts of ink discharged from said 
plurality of nozzles; and 

nozzle selection means for selecting nozzles, 
of said plurality of nozzles, which are to be used 
in each of a plurality of scanning operations on 
the basis of the amounts of ink discharged from 
said nozzles which are obtained by said dis- 
charging amount measuring means. 



20 



25 



30 21. The apparatus according to claim 20, further com- 
prising scanning count determination means for de- 
termining the number of times of scanning on the 
basis of the amounts of ink discharged from said 
nozzles which are obtained by said discharging 

35 amount measuring means. 

22. The apparatus according to claim 21 , wherein said 
nozzle selection means and said scanning count 
determination means perform a simulation calcula- 
te tion to calculate discharging amounts for all combi- 
nations of said plurality of nozzles in correspond- 
ence with the number of times of scanning, and se- 
lect a combination with which variations in total dis- 
charging amount is minimized for each line. 

45 

23. The apparatus according to claim 20, wherein said 
ink-jet head is a head for discharging an ink by using 
heat energy, said head having a heat energy gen- 
erator for generating heat energy applied to the ink. 

so 

24. The apparatus according to any one of claims 20 to 
23, wherein said ink-jet head unit is used to dis- 
charge an ink onto a color filter substrate to color 
each pixel array so as to manufacture a color filter. 

55 

25. A color filter manufactured by discharging inks onto 
a substrate while scanning an ink-jet h ad having a 

p'lirali^ o* nozzles re'-alrve to t^e substrate, and 
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coloring pixels by scanning said ink-jet head a plu- 
rality of number of times, 

wherein said color f ilt r is colored by measur- 
ing amounts of ink discharged from said plurality of 
nozzles, and selecting nozzles, of said plurality of 5 
nozzles, which are to be used in each of a plurality 
of scanning operations on the basis of the obtained 
amounts of ink discharged from said respective 
nozzles. 



26. A display device including color filter manufactured 
by discharging inks onto a substrate while scanning 
an ink-jet head having a plurality of nozzles relative 
to the substrate, and coloring pixels by scanning 
said ink-jet head a plurality of number of times, in- 
tegrally comprising: 

a color filter colored by measuring amounts of 
ink discharged from said plurality of nozzles, 
and selecting nozzles, of said plurality of noz- 
zles, which are to be used in each of a plurality 
of scanning operations on the basis of the ob- 
tained amounts of ink discharged from said re- 
spective nozzles, thereby coloring said color fil- 
ter; and 

light amount changing means for changing a 
light amount. 

27. An apparatus including a display device including a 
color filter manufactured by discharging inks onto a 
substrate while scanning an ink-jet head having a 
plurality of nozzles relative to the substrate, and 
coloring pixels by scanning said ink-jet head a plu- 
rality of number of times, comprising: 

a display device integrally including a color filter 
colored by measuring amounts of ink dis- 
charged from said plurality of nozzles, and se- 
lecting nozzles, of said plurality of nozzles, 
which are to be used in each of a plurality of 
scanning operations on the basis of the ob- 
tained amounts of ink discharged from said re- 
spective nozzles, thereby coloring said color fil- 
ter, and light amount changing means for 
changing a light amount; and 
image signal supply means for supplying an im- 
age signal to said display device. 

28. An adjusting device for adjusting an ink-jet head unit 
having a plurality of ink-jet heads, each having a 
plurality of nozzles, and used for an apparatus for 
printing lines by discharging inks onto a recording 
member while scanning said ink-jet head unit rela- 
tive to the recording member, comprising: 

positional offset detection means for detecting 
a relative positional offset between said plural- 
ity of ink-jet heads; 



angle detection means for detecting inclination 
angles of said plurality of ink-jet heads with re- 
spect to the scanning direction; 
measuring means for measuring variations in 
amounts of ink discharged from said plurality of 
nozzles; and 

calculation means for generating data for cor- 
recting the variations in the amounts of ink dis- 
charged from said plurality of nozzles on the ba- 
sis of data about the variations in the amounts 
of ink discharged from said plurality of nozzles 
which are measured by said measuring means. 

29. The device according to claim 28, wherein said ink- 
15 jet head un it is used to discharge an in k onto a color 

filter substrate to color each pixel array so as to 
manufacture a color filter. 

30. An adjusting method of adjusting an ink-jet head 
20 unit having a plurality of ink-jet heads, each having 

a plurality of nozzles, and used for an apparatus for 
printing lines by discharging inks onto a recording 
member while scanning said ink-jet head unit rela- 
tive to the recording member, comprising: 

25 

the positional offset detection step of detecting 
a relative positional offset between said plural- 
ity of ink-jet heads; 

the angle detection step of detecting inclination 
30 angles of said plurality of ink-jet heads with re- 

spect to the scanning direction; 
the measuring step of measuring variations in 
amounts of ink discharged from said plurality of 
nozzles; and 

35 the calculation step of generating data for cor- 

recting the variations in the amounts of ink dis- 
charged from said plurality of nozzles on the ba- 
sis of data about the variations in the amounts 
of ink discharged from said plurality of nozzles 
40 which are measured in the measuring step. 

31. The method according to claim 30, wherein said ink- 
jet head unit is used to discharge an ink onto a color 
filter substrate to color each pixel array so as to 

45 manufacture a color filter. 

32. An ink-jet head unit including a plurality of ink-jet 
heads, comprising: 

so position adjusting means for adjusting relative 

positions of said plurality of ink-jet heads; and 
angle adjusting means for adjusting inclination 
angles of said plurality of ink-jet heads. 

55 33. The unit according to claim 32, wherein said ink-jet 
head is a head for discharging an ink by using heat 
energy, said head having a heat energy generator 
for generating heat energy applied to the ink. 
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34. A d vice or method for controlling or adjusting an 
ink-jet recording head unit having a plurality of re- 
cording heads wherein means ar provided for d - 
tecting the relative positional offset of the recording 
heads and for detecting any angle of inclination of s 
the recording heads to a printing direction, for ex- 
ample to a scanning direction of the recording 
heads. 

35. An ink-jet recording apparatus or method wherein io 
the nozzle or nozzles of a recording to be used for 

a recording step or operation are selected in ac- 
cordance with a characteristic of the or each nozzle, 
for example the amount of printing liquid discharged 
by the nozzle in use. is 

36. A method of manufacturing a liquid crystal display 
device which comprises using a method in accord- 
ance with any one of claims 8 to 1 9, 30, 31 or 34 or 

an apparatus or device or unit in accordance with 20 
any one of claims 1 to 7, 20 to 29 and 32 to 34 to 
form a color filter layer of the device. 
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FIG. 5B 





FIG. 5C 



• ■ 

i • 



7 : LIGHT-TRANSMITTING PORTION 

2 : BLACK MATRIX 

1 : SUBSTRATE 



3' : RESIN 

COMPOSITION 
LAYER 



t ■ ■ 
« • • 
• • < 

rtt 



hv 

• • t 
t t i 

• it 

111 



ttt 



j_j_£__^4' : PHOTOMASK 





5' : NON-COLORED 
PORTION 



FIG. 5D 



INK-JET HEAD 



U R U G U B 



B 




FIG. 5E 



hv 





yyy 


Y Y 


Y Y 


Y1 


M 


r | 


YY 


Y Y 






1 


1 











FIG. 5F 



8 : PROTECTIVE 
LAYER 



zzzzzzzzzzzzzzzzzzzzzzzzzz 




NSDOCID: <EP 0832745A2 I > 



25 



EP 0 832 745 A2 




26 



EP 0 832 745 A2 



<5 





o 
oo 



LU 


OC 


LU 


o 


Q 


< 


<*: 




UJ 




OC 






NSDOCID- <EP 0832745A^> I 



27 



EP 0 832 745 A2 




EP 0 832 745 A2 




NSDOCID- <EP 0832745A2 I > 



29 



EP 0 832 745 A2 



FIG. 10 




30 



t 3 



EP 0 832 745 A2 



a a J- 

O lO N 
t-^ O O 

II II II 

CD CD CD 

a. o_ cL 
I- H- I- 

i— CM CO 
LU LU LU 

WWW 
o o o 
z ^ ^ 



! 



u_ 




to 



d 



CD 
I— 



cn 
c 
o 

CVJ 



U- <n, 

o cc 
h- :< 

ZD o 
O <o 

< ^ 



31 

NSgOCIO: <EP 0832745A2 I > 



EP 0 832 745 A2 



FIG. 12 



NOZZLE 1 



HEATING 1.0ns 
TIME | 



0.5ns 0.75fis 

♦ ♦ 









w 


I 


mi 





FIG. 13 




NSDOCID: <EP 0S32745A2 I > 



32 



EP 0 832 745 A2 




Cj ZD in 

CD ; 



<0 



<_> 



O ^ CO CO 
HUJZq 



0 s - 
O 



o 



9 



* — cvj CO 

LU LU LU 

__l — I I 

WWW 
o o o 



NSDOCID <EP 0832745A2 I > 



33 



EP 0 832 745 A2 
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